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JOHN ROBINETTE COLLINS, 1865-1957 


By E. J. A. KENNEDY 


National Secretary, R.A.S.C. 


Tue last link with the founding days of the Royal Astronomical Society 
of Canada is now broken with the passing of John Robinette Collins, who 
died on September 19, 1957, in the Oakville Hospital, after an illness of 
eleven weeks. He was in his ninety-third year. Mr. Collins was a member 
of the Society during sixty-four years, havi ing been elected in 1893. These 
vears were marked by a zeal both for astronomy and for the welfare and 
progress of the Society. 

Born in 1865 near the town of Keswick, Ontario, he attended public 
school in Toronto and later received his diploma from the Chautauqua 
College in New York State, majoring in scientific subjects. Early in his 
career he became interested in optics. His research on reflecting telescopes 
was presented in some papers read before the meetings of the Society. 
His activities in the Society soon led to his election as a member of 
Council and, in 1902, as General Secretary and culminated in his election 
as President in 1920 and 1921. A feature of the early years of the Society 
was the relatively large number of Honorary and C orresponding Fellows: 
great names such as Flammarion, Sir Robert Ball, Simon Newcomb, Geo. 
IL Darwin appeared on this list. Extensive discussions were carried on by 
mail, the Secretary acting for the Council. 

It is of interest to note that Mr. Collins and three other members of the 
R.A.S.C., together with Dr. C. A. Chant and Dr, A. T. DeLury of the 
University of Toronto, were appointed to join the Dominion Government's 
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expedition to the wilds of central Labrador to observe the 1905 eclipse 
of the sun. It was a heart-breaking experience, however, for after assem- 
bling a great amount of delicate equipment and overcoming the hazards 
of the journey, they were doomed to disappointment, for the sun was 
obscured all during the period of the eclipse. 

In 1932, the story was different. Mr. Collins headed an expedition of the 
Toronto Centre and his choice of a place was fortunate. He chose the 
town of Louiseville in the St. Lawrence Valley and he, together with the 
rest of us in the party, was rewarded with a splendid view of that wonder- 
ful spectacle. An unfortunate sequel followed. Mr. Collins had a minor 
motor accident on the way home, with the unfortunate result that his 
photographic plates of the eclipse were broken and destroyed. 

Mr. Collins was a Fellow of the American Association for the Advance- 
ment of Science and a Fellow of the American Geographical Society. 
From 1900 to 1948 he had a column on popular astronomical subjects in 
each Saturday issue of The Toronto Telegram. 

He was a kindly gentleman, always carrying out his duties with great 
diligence and conscientious care. With his keen sense of humour and 
good memory, he was always ready with a story or an interesting and 
amusing sidelight on the lives of the great scientists of his day. 

Although he lacked advanced scholastic training, his knowledge of 
astronomy and physics was amazing. He was an omnivorous reader and 
his brilliant and studious mind combined with an excellent memory made 
up in a great measure for the lack of a higher education. Many of his 
papers read before the Society and published in the Transactions and 
the JouRNAL attest to his great ability. He was a shining example to our 
great body of amateur astronomers. Withal, he was eager and ready to 
point out the wonders and beauties of astronomy and to help beginners 
in their observations of the splendours of the skies. The present writer 
remembers with gratitude his kindly interest in introducing him to this 
fascinating study. 
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THE OBSERVATORY OF THE MONTREAL CENTRE 


By IsaBet K. WILLIAMSON 


Montreal Centre 


Tue building which the Montreal Centre now occupies on the upper 
McGill campus was originally a one storey structure with a trap-door and 
ladder leading to a dirt cellar and another trap-door to the roof. It was 
built during the war years by the Government, staffed by McGill Univer- 
sity and used for experimental work on radar. Having served its purpose, 
it was about to be demolished and we asked the authorities to consider 
turning it over to the Montreal Centre of the Royal Astronomical Society 
of Canada. First, though, we had to ask ourselves several questions. Did 
we want an observatory in that location? Could we raise the funds to 
convert the building into an observatory? How much money were we 
prepared to spend on property that was not our own? What about 
maintenance expenses? 

The middle of a large city is certainly not an ideal spot for an observa- 
tory but we realized that for a group such as ours the usefulness of an 
observatory would be determined largely by one factor—accessibility. It 
would cost less to convert this building than to build another. We were 
optimistic about raising the funds and when McGill agreed to at least 
ten years’ occupancy, we decided to go ahead. 

A financial campaign was launched. As the Centre had no home at that 
time, we moved into the building almost immediately, undertaking the 
work step by step as the money came in. To date, this is what we have 
done—dug out the cellar, extending foundations and putting in concrete 
floor; replaced trap-door to basement by staircase; built shelter over 
staircase to roof; erected observatory walls on roof; sank concrete column 
to support telescope mounting; had ten-foot steel dome constructed and 
installed; installed 61-inch refractor with motor-driven equatorial mount- 
ing; stuccoed the building to make it waterproof; installed oil furnace 
with thermostat control; laid asphalt tiles on main floor; painted and 
decorated interior of building. Approximately $5,000 has been spent on 
construction work to date plus many hours of work by the members 
themselves. Much work and expense still lie ahead but we are now fairly 
well established. 

In addition to the telescope in the dome, several instruments, including 
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The Observatory of the Montreal Centre 


a 12-inch reflector, 6-inch refractor, 4-inch refractor, are kept at the 
Observatory and carried outdoors on observation nights. The main floor 
is used as a meeting room and office. Here are kept our library books, 
filing cabinets, Gestetner, typewriter, addressograph machine, etc. There 
is also a small pantry that is kept stocked with instant coffee and such. 

At the present time the building is open at least twice a week for 
observing. The regular observation meetings, to which visitors are 
welcome, are held every Saturday, year round. Wednesday evenings are 
reserved for members ‘only —for Messier hunting, lunar ‘and planetary 
work. The Observatory is also used for meteor observ ations, eclipses, etc. 
Meetings of the C ouncil and Observation Committee are held there and 
in the course of the year many groups of Scouts, Guides and students 
visit the Observatory. 

The Montreal Centre may some day get an observatory in a better 
location but to any group that is faced with a similar decision we can say 
that we have made no mistake in taking over the present building. It is 
wonderful to have a home of our own. Having all our equipment and 
records under one roof has done much to co-ordinate the work of the 
Centre. And it is a good thing for the general membership to have an 
observatory that can be reached as easily by city bus as by private car. 
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AN OBSERVATORY AT 80,000 FEET 


By Donacp C. Morton 


Princeton University Observatory 


AsTroNOMERS have long been anxious to make observations from outside 
our atmosphere in order to study the extensive regions of the spectrum 
that never reach the earth’s surface, and to eliminate the blurring of 
images caused by atmospheric turbulence. Already rockets have carried 
astronomical instruments as high as 200 kilometres, although for periods 
no longer than 5 minutes, and before long artificial satellites will form 
permanent extra-terrestrial observatories. In the meantime, however, the 
extremely stable platform provided by a ba!loon at high altitudes has 
many applications, especially in obtaining well-defined images. 

D. E. Blackwell and D. W. De whirst from England and A. Dollfus 
from France, in November 1956 and April 1957 sent an 11-inch refracting 
telescope suspended from a balloon to 20,000 and 25,000 feet respective ly. 
On the second flight Dollfus, riding in a gondola, piloted the balloon and 
guided the telescope to obtain photographs of the sus with somewhat 
be ‘tter resolution than any taken at mountain-top observatories. 

Three flights to 80,000 ‘feet this past summer and fall climaxed five years 
of design and construction on a similar project to photograph the ‘solar 
granulation under the direction of Professor Martin Schwarzschild of the 
Princeton University Observatory, and sponsored by the United States 
Office of Naval Research. The United States Air Force contributed funds 
for the development of the pointing control. These flights have already 
been described in a paper presented at the 99th meeting of the American 
Astronomical Society by M. Schwarzschild, J. B. Rogerson, Jr., 

J. W. Evans. 

The Princeton flights, now referred to as Project Stratoscope, differed 
from those already mentioned in two major respects. First a mechanism 
which automatically guided the telescope on the sun made extra equip- 

rent for the welfare of a human pilot unnecessary, and the vibration 
resulting from his motions, (even breathing would disturb the system) 
was eliminated. Secondly the 80,000-foot altitudes were well above the 
turbulent regions in the tropopause around 40,000 feet. 

The motive for these first stratoscope flights arose from Professor 
Schwarzschild’s researches on the solar granulation. Observations of in- 
tensity distributions and velocities coupled with certain theoretical con- 
siderations indicated that the turbulent eddies in the solar atmosphere 
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should be about 250 kilometres in diameter. Owing to the turbulence in 
our own atmosphere the very best earth-bound photographs have shown 
no eddies smaller than about 700 kilometres across. Professer Schwarzs- 
child suspected that these were really clumps of smaller ones and tried 
to verify this with a 12-inch telescope, which without atmospheric 
disturbances could resolve elements as small as 250 kilometres. 

The guiding mechanism for the telescope was designed and built by 
the Research Service Laboratories of the University of Colorado. This 
group already had much experience from constructing solar pointing 
controls for rocket-borne instruments. The figure shows the telescope 
tube mounted in a gimbal structure about 12 feet high on axes which 
permitted motion in elevation and azimuth. Small photosensitive cells 
searched out the sun and controlled the electric motors that moved the 
telescope. The telescope was aimed in azimuth by rotating the gimbal 
structure against the reaction of a 175-pound flyw heel, and in elevation by 
rotating the tube against the reaction of the w hole framework. At the top 
of the figure can be seen the six four-volt automobile batteries dis- 
tributed around the circumference which served as the weight for the 
fivwheel and also as power to drive the pointing motors, the electronic 
controls, and the camera. Boxes of styrofoam, a soft foam-like plastic, 
enclosed the batteries and components of the pointing mechanism to 
insulate them from the temperatures of —60°C. at 80,000 feet. 

Both the framework and the flywheel were permitted to rotate relative 
te the shroud lines of a 90-foot-long cargo parachute which were hooked 
to a bearing immediately above the flywheel. Attached to the upper end 
of the parachute was a giant plastic balloon manufactured by General 
Mills Inc. of Minneapolis. The balloon, made from transparent poly- 
ethylene only 0.002 inch thick, was 139 feet in diameter, 200 feet 
in length, and had a capacity of 1,092,000 cubic feet. 

At the beginning of last August the stratoscope crew arrived in Min- 
neapolis and began to assemble and test the instrument for its first flight 
on an old airfield just north of the city. This flight was not intended for 
photographing the solar surface but rather to send aloft a special test 
camera to determine the accuracy of the pointing mechanism before 
risking the valuable optical parts. 

Only two days after the ground tests were completed, at 12:40 a.m. 
C.D.T. on August 22 22 a telephone call awakened the stratoscope crew. It 
was Professor Schwarzschild to tell us that we would launch the first 
balloon at sunrise that morning, since the meteorologist had predicted the 


Preparations launching the (Courtesy General Mills, Inc.) 
Below: The details of solar granulation revealed by photography at 80,000 feet. 
A scale of 5,000 km. is indicated in the lower right-hand corner. 
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necessary clear weather and ground winds less than 10 m.p.h. We 
hurriedly drove from our motel to the airfield and began a busv five 
hours of preparations for the flight. 

We removed the gimbal from its protecting tent, fixed to the bottom 
a styrofoam pad 2% feet thick to help absorb the shock of landing. and 

carefully carried the 1301-pound structure by truck down the runway 
to the launching area. There under bright lights powered by a portable 
generator the General Mills launching crew unrolled on the ground the 
length of the 685-pound balloon with the lower end into the wind. and 
attached to this end the 86-pound parachute. The parachute shroud lines 
were passed over the cab of the launching truck and then hooked to the 
gimbal structure which was supported in a vertical position by a steel 
framework on the rear of the truck. The width of the balloon was not 
unfolded so that the upper quarter could be passed under a pullev three 
feet wide mounted on a-small truck, Helium from the tanks in two large 
trucks was fed into this upper section which soon began to fill out and 
rise vertically although the pulley and the launching truck kept the rest 
of the train in place. As the eastern sky began to brighten the bag con- 
tained sufficient helium to lift the total weight of 2,072 pounds and the 
flow was stopped. Now our stratoscope was almost ready for launching. 
Two radios were connected, one to act as a beacon for tracking the 
balloon and to transmit a barometer reading for determining its altitude, 
the other to telemeter temperatures and other data relating to the per- 
formance of the guiding mechanism. Finally two timers were started. the 
first to turn on the pointing control at altitude and the second to release 
the parachute and its cargo from the balloon at the end of the flight. Once 
the balloon was released there was to be no control from the ground. 

Just as the sun appeared above the horizon the launching signal was 
given. First the balloon was quickly released from the wide pulley per- 
mitting the gas-filled upper end to rise although the other end was still 
attached to the launching truck by the parachute lines. As the lift of the 
helium carried the balloon up and the wind carried it forward the truck 
drove along the runway until the instant the balloon, parachute, and 
gimbal structure were all in a vertical line. Then with a loud crack from 
an explosive charge the truck released its load and our first stratoscope 
was on its own at 6:20 a.m. C.D.T. The 300-foot-long train rose quietly 
and majestically toward the stratosphere. 

As the balloon ascended about 800 feet per minute, the tropospheric 
winds blew it some 30 miles to the east and then the stratospheric winds 
carried it south and west of Minneapolis. With binoculars we could see 
the bag becoming more nearly spherical as the helium expanded to fill 
it, and even with the unaided eye the balloon, at its maximum altitude 
of 83,100 feet or 15.7 miles, was easily visible from the ground. 
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About two hours after launching, we were most pleased to see tele- 
metered signals which indicated the stratoscope had found the sun, first 
in eskentle and then in elevation, and was keeping the telescope pointed. 
Soon afterwards we started out in trucks and automobiles to chase the 
balloon. We followed at an easy pace until 12:20 p.m. when the balloon 
released the parachute and the stratoscope began to drop; then at top 
speed over the back roads of Minnesota we drove toward the falling 
parachute. However, a thick cloud mass which had moved in from the 
west obscured our view so that we had to depend on directions from an 
airplane also following the stratoscope. 

We found it near Cosmos, Minnesota, about 80 miles west of Minnea- 
oplis, in a muddy field, lying on its side, and rather wet because the 
parachute had dragged it through a small pond. The apparatus, however, 
suffered remarkably little damage; the impact bent some of the framework 
and the dragging along the ground twisted the flywheel arms. When the 
film was developed the next day, it showed conclusiv ely that the guiding 
mechanism was steady enough to photograph the solar granulation. 

After releasing the parachute, the fate of the balloon was as expected. 
With no load it rose to higher altitudes faster than it could valve helium 
to equalize its pressure with the air outside. The excessive interior 
pressure soon burst the balloon and the pieces fell some ten miles from the 
stratoscope. 

We began immediately with the preparations for the next flight which 
would carry aloft the optical system designed and built by the Perkin- 
Elmer Corporation. The objective was a 12-inch diameter, fused quartz, 
paraboloidal mirror figured to an accuracy of 1/10 wave-length. At the 
prime focus was a Newtonian plane mirror mounted on an arm that 
rotated once every second to prevent the concentrated solar light from 
overheating the mirror. Thus for 98 per cent. of this period the mirror 
was off the optical axis and cooling. From here the light went to a 
magnifying lens, which gave the system an effective focal length of 200 
feet, through a totally-reflecting prism, along the top of the telescope 
tube, and into a 35 mm. movie camera, which took a millisecond exposure 
each second. Since it was not possible to estimate accurately the effect of 
the extremely cold air temperature on the length of the telescope tube, 
the magnifying lens was automatically moved over a range of twenty 
positions to insure that one in twenty exposures would be in good focus. 
Altogether about 8,000 photographs were taken. 

This second flight was launched at 7:15 a.m. C.D.T. on September 25 
again from the old airfield near Minneapolis, and this time the balloon 
rose to $1,500 feet. Since the stratospheric winds were now blowing from 
the west they carried the balloon some 140 miles east to near Athens, 
Wisconsin, where the parachute landed the apparatus at 2:15 p.m. Again 
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the telscope suffered little damage except some bent framework and a 
chip out of the rotating mirror. 

Development of the 1,000 feet of exposed film showed photographs of 
the solar granulation with a resolution much surpassing all previous ones. 
A positive copy is reproduced in the figure. Professor Schwarzschild had 
expected to find that the large eddies were clumps of smaller ones, but 
instead the stratoscope showed that the solar surface is composed of all 
sizes of eddies from 700 kilometres and larger which earth-bound photo- 
graphs have found, down to the minimum possible resolution of 250 
kilometres across. Little more can be said of the photographs until they 
are carefully measured. 

For the third flight the guiding mechanism was slightly altered so that 
during the exposures the telescope moved slowly across the limb of the 
solar disk. The purposes were to study the granulation there and to 
measure the limb darkening, that is the gradual decrease in surface 
brightness near the limb which is a consequence of the light coming 
from the higher cooler layers of the atmosphere. 

For this flight the whole crew moved 250 miles west to Huron, South 
Dakota, for fear that the stratospheric winds would carry a_ balloon 
launched from Minneapolis as far as Lake Michigan. This time the 
stratoscope was released from Huron at 8:16 a.m. C.D.T. on October 17; 
it rose to 83,200 feet and the parachute returned the telescope at 3:15 p.m. 
near Scarville in north-central lowa. This last landing was not fortunate 
for the pointing control. The parachute set it down in a small clump of 
trees, but apparently the horizontal wind carried the parachute with the 
structure behind through the tree tops until everything crashed some 25 
feet to the ground at the edge of the clump. The framework was seriously 
bent and twisted, acid from the broken batteries was spilled over the 
apparatus, and the primary mirror was wrenched from its cell and into 
the telescope tube. However, the mirror itself suffered nothing more than 
a few scratches in the aluminium surface. The photographs that included 
the solar limb showed it to be smooth and sharp so that, within the 
resolution obtained, the granulation has no affect on the appearance of 
the limb. 

With the experience of these three flights Professor Schwarzschild and 
his colleagues at Princeton are now working on plans to send aloft 
with the 12-inch telescope a television camera so that the aiming and 
focusing can be controlled from the ground. This would permit centering 
the telescope on a sun-spot or some faculae. Also in the planning stage is 
a 36-inch telescope which some time in 1961 will photograph, or televise 
for photography on the ground, the surfaces of the planets and the 
structure of the nebulae. 
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THE ORBIT OF THE SPECTROSCOPIC BINARY DELTA 
CAPRICORNI*® 


By MaryJANE STEwartT}t 


Dominion Astrophysical Observatory, Victoria, B.C. 


Introduction. The star 6 Capricorni (H.D. 207098, «(1900) 21"41".5, 
3( 1900 )—16°35’, m,, 2.98, A5) is one of a number of spectroscopic binaries 
being studied at the Dominion Astrophysical Observatory for possible 
changes in the orbital elements. The star was found to have a variable 
radial velocity by V. M. Slipher (1906), and some years later C. C. Crump 
(1921) used sixty-nine Yerkes spectrograms of single-prism dispersion, 
applying the Lehmann-Filhés method to obtain a preliminary orbit. 

Observations of the binary were made at the University of Michigan 
during 1933 and 1934, and the programme was continued at the Victoria 
observatory through 1938. During the summer of 1953 at Victoria, the 
writer redetermined the orbital elements on the basis of thirty-eight 
spectrograms from the two observatories. With additional reference to 
the Yerkes observations obtained during the years 1915 to 1919, and five 
Lick observations obtained during the years 1900 to 1905 (Campbell and 
Moore, 1928), we can now discuss the orbit over a period of thirty-eight 
years or some 12,200 cycles. 


Observational Material. Twelve spectrograms were obtained at the 
Observatory of the University of Michigan during the period 1933 
October 5 to 1934 November 6, with the single-prism spectrograph giving 
a linear dispersion of 35 A./mm, at A4200. Of the twenty-six Victoria 
plates, obtained between 1935 August 7 and 1938 November 23, thirteen 
were taken with a dispersion of 11.0 A./mm., two with a dispersion of 
14.8 A./mm., nine with a dispersion of 30.3 A./mm., and two with a 
dispersion of 50.8 A./mm., all reckoned at Hy. The plates were measured 
with the projection micrometer by R. M. Petrie, employing the wave- 
lengths suggested by W. E. Harper, and given in the Transactions of the 
International Astronomical Union, 1932. 


*Contributions from the Dominion Astrophysical Observatory, No. 60. Published 
by permission of the Deputy Minister, Department of Mines and Technical Surveys, 
Ottawa, Canada. 

tAssistant at the Observatory during the summer of 1953. 
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Determination of the Elements. Bight Victoria plates of high dispersion, 
taken at phases when the velocity varied rapidly, and the five Lick 
velocities were considered in a preliminary investigation of the period of 
revolution. These marked an interval of some 12,200 cycles, and it was 
thus found that Crump’s period of 1.02275 days could be revised to 
1.022768 days, which we adopted as a preliminary value. A test for 
spurious period was made, using the method described by R. W. Tanner 


rABLE I 


OBSERVATIONS OF 6 CAPRICORNI 


Julian Day Phase Velocity O-C 
No. Date (U.T.) 2,420,000+ (days) (km./sec.) Weight (km./sec. 


Michigan Observations 


1933, Oct. 5 7350.562 0.825 +25.2 1.0 —2.0 
‘ 12 57.511 0.615 —58.2 1.0 —0.9 
} 19 64.586 0.530 —71.1 1.0 +1.5 
24 69.530 0.360 —44.7 0.8 —2.6 
31 76.526 0.197 +27.5 0.8 0.0 
6 Nov. 16 92.500 0.830 +22.4 1.2 —6.0 
7 19 97.494 0.710 —24.4 1.1 0.0 
Ss 28 7404.501 0.557 —59.1 0.3 +10.0 
9 1934,Oct. 2 7712.535 0.738 —- 7.3 1.0 +5.8 
10 2 12.622 0.825 +31.0 1.4 +4.0 
11 9 19.553 0.597 —61.4 1.1 +0.9 
12 Nov. 6 47.538 0.967 +61.5 1.2 —9.0 


Victoria Observations 


13 1935, Aug. 7 8021.881 0.185 +27 .9 3.8 —4.1 IIM 
14 16 30.842 0.964 +67 .6 4.8 —3.0 . 
15 21 35.862 0.870 +49.3 3.3 +4.5 IM 
16 22 36.851 0.837 +34.9 2.3 +3.0 a 
17 Sept. 22 67.742 0.022 +71.5 6.0 —2.0 IIL 
18 28 73.7 0.886 +52.9 2.9 +3.0 IM 
19 28 73.730 0.896 +52.5 3.2 —1.6 #6 
20 Oct. 16 91.692 0.448 —66.7 4.8 0.0 IIL 
21 20 95.665 0.330 —27.4 3.3 +3.9 “ 
22 22 97 .669 0.288 —18.7 2.1 —5.0 IM 
23 31 8106 .627 0.042 +66 .7 3.0 —5.1 
24 Dec. 3 39.554 0.240 +17.1 1.4 +9.0 IS 
25 Dec. 3  8139.565 0.251 + 8.2 0.6 +6.0 IS 
26 4 40.556 0.219 +23.0 3.6 +5.0 ITIL 
27 8 44.605 0.177 +46.1 0.7 +10.0 IM 
28 10 46.629 0.156 +48. 1 1.6 +4.1 
29 1936, Sept. 23 8434.769 0.898 4.5 —5.5 IIL 
30 1937,July 7 8721.967 0.698 —26.0 4.2 +3.0 
31 1938, July 18 9097.951 0.303 —24.0 2.7 —3.0 

32 Aug. 3 9113.893 0.904 +53.8 7.8 —3.0 
33 Sept. 27 68.756 0.537 —70.0 3.0 0.0 IM 
34 Oct. 5 76.716 0.315 —27.4 6.3 —2.1 IIL 
35 15 86.672 0.044 +72.0 6.9 0.0 oa 
36 25 96. 669 0.837 +31.9 10.2 0.0 

37 Nov. 2 9204.647 0.632 —55.6 8.4 —2.0 
38 23 25.600 0.106 +60.6 9.6 +1.0 . 
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(1949). The two related periods are approximately 40 days and 0.973 
days, both of which were ruled out by the test. 

The thirty-eight observations as given in Table I were combined into 
fourteen normal places. From a velocity-phase diagram, it appeared that 
the eccentricity of the orbit was very nearly zero, so a set of preliminary 
elements was determined from a computed sine curve and Sterne’s 
method for orbits of small eccentricity was used to obtain the elements 
by the method of least squares. 


4 TABLE II 
NORMAL PLACES 


Residuals 


No. Phase Velocity Preliminary Final Weight 
days km. /sec. km. /sec. km. /sec. 
] 0.035 +70.8 —1.52 —0.49 1.6 
2 0.106 +60.6 +1.56 +1.05 1.0 
5 0.179 +34.4 +0.32 —1.45 0.7 
4 0.228 +19.9 +6.62 +4.75 0.6 
5 0.312 —25.5 —1.62 —2.14 1.4 
6 0.360 —44.7 —1.89 —1.20 0.1 
7 0.448 —66.7 +0.02 +2.26 0.5 
0.537 —69.5 +1.79 +3.42 0.4 
9 0.627 —56.5 —1.97 —2.48 1.0 
10 0.700 —25.7 +2.68 +0.99 0.5 
1] 0.738 —7.3 +4.79 +3 .03 0.1 
12 0.835 +31.1 +0.58 24 1.6 
13 0.894 +51.8 —0.50 +0.42 2.1 
14 0.965 +66.4 —3.04 —1.26 0.6 


TABLE III 
ORBITAL ELEMENTS OF 6 CAPRICORNI 


Present Determination 
(1935) 


Crump Luytent 
Preliminary | Final (1921) (1936) 
1.022768 d. | 1.022768 + .Q000003 1.02275 1.02275 
\ r J.D. 2,427,350.163 | 21,451.86 21,424.847 
+0.050 | +0.004 
w | 149°908 + 17°704 | 149°06 + 0°46 159° 
e 0 0.0266 + 0.0089 — | 0.019 + 0.008 | 0.014 + 0.016 
K 73.1 km. /sec. 73.37 + 0.66 | 65.67 + 0.51 65.4 + 1.0 
a sint 1,031,543 km. 


Vo +0.9 km./sec. |  +0.801 + 0.440 —6.4 + 0.56* | —5.0+0.8 
| 925,940 km. 
| 
m?* | 0.04189 


(mm, | 


*Corrected for systematic error. (See P. Yerkes O., vol. 7, p. 73, 1929.) 
tElements given with mean errors. 
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Fic. 1—The radial-velocity curve of 6 Capricorni, showing individual observations. 


The solution was carried through on the fourteen observational 
equations, and the final values of the unknowns were tested by sub- 
stitution in these equations. A graph of the residuals showed that they 
were doubly periodic due to failure of the solution to converge com- 
pletely. As this lack of convergence had no significant effect upon the 
final elements, a second solution was not considered necessary, and the 
final values of the elements shown in Table III were adopted. The prob- 
able error of a plate of average weight is + 2.33 km./sec., and the 
solution reduced Spvev by 27 per cent. 

The radial-velocity curve of 8 Capricorni as calculated from the final 
elements is shown in the accompanying figure. 


Changes in the Elements. W. J. Luyten (1936) has rediscussed the orbital 
elements of § Capricorni among those of other spectroscopic binaries with 
small eccentricities, using the Fourier analysis method of Wilsing and 
Russell. The results of his solution are given in Table III. He points out 
that the probable error of a single plate in Crump’s work should read 
3.8 km./sec. instead of 2.75 as published, which increases the mean errors 
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of e and » to 0.016 and 50°, respectively. A large error in » is expected 
here, however, due to the practice at the time of Crump’s computation of 
fixing T, the time of periastron passage, and omitting it from the solution 
in the case of nearly circular orbits. The strong dependence of T and 
w is evident. 


The Period. The value of Ty from the Victoria work is ]. D. 2427349.737 
+0.0013 and, carrving this forward to the middle of the new observations. 
we have 


Ty = J.D. 2428089.199. 
The value of T, from Crump’s orbit, using his value of », is found to be 
Ty = J.D. 2421451.436. 
There are 6490 cycles between the two epochs and the period is therefore 
P = 1.022768 =-0.0000003 days, 


taking + 0.0013 as the uncertainty in both values of the epoch of maximum 
velocity, Ty. Cycles 6489 and 6491 are ruled out by the Lick Observatory 
observations. These observations actually satisfy our curve better w ith 
the slightly longer period, P = 1.02277 +-0.0000007 days, but they are 
few in number and do not define the whole curve. It is better therefore to 
use the value found above (1.022768) and this is given in the table of 
elements. The Lick velocities are plotted on our final curve, figure 1. 


Difference in Vy. The difference of about 7 km./sec. in Vy is large com- 
pared with its probable error. It is believed however that at least one- 
half of this may be ascribed to the wave-length systems used. The wave- 
length difference, reduced to the international scale, from four iron lines 
commonly measured and well defined in the spectrum of 8 Capricorni, 
averages +-0.06 A. in the sense Yerkes minus Victoria and the average of 
eight lines appearing in both lists is +0.025 A. After allowing for this, the 
remaining difference is probably not significant. It may be noted that 
the Lick velocities suggest a Vo still more positive than that given by 
the Victoria orbit. 


Difference in K. The difference in the amplitudes is more striking since 
it amounts to 15.4 + 1.7 km/sec. from the Yerkes value (16.0 + 2.4 
from Luyten’s ). It is furthermore independent of wave-length systems or 
any other source of systematic error in the radial velocities, and in this 
case does not appear to be caused by the distribution of the observations. 
It is worth noting, however, that the two observations of highest weight 
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at the maximum negative velocity of the Yerkes curve lie almost 10 
km./sec. to the negative, such that the corresponding normal point is 
pulled off the curve about —8 km./sec. 

Three other orbits repeated at about the same time as this one give 
amplitudes agreeing well enough with the earlier determinations. That a 
real change in K may have occurred over the interval between the 
Yerkes and Victoria determinations is a consideration that cannot be 
discarded completely, in view of the small probable errors. Our knowledge 
of orbital changes, however, is not yet enough to warrant any general 
statements regarding a physical interpretation. The amount of the ampli- 
tude change in 8 Capricorni is sufficient to attract attention and other 
— cases should be watched for as the opportunity offers. 

am deeply grateful to Dr. R. M. Petrie, Director of the Dominion 
Pdr hn. Observatory, and Mr. J. H. Karle of Lewis and Clark 
College, Portland, for making this investigation possible, and to Mrs. 
Ronald Edmonds and Dr. Petrie for guidance in the course of the work. 
Thanks are also due to Dr. G. R. Miczaika for many helpful discussions. 
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THE MOON AS A CLUE TO THE EARTH’S EARLY HISTORY® 


By D. W. ALLAN 


Caius College, Cambridge, England 


THe moon and the earth very probably had a common origin and it is 
possible that studies of the dy namical and tectonic evolution of the former 
may help in understanding some geophysical and geological problems, 
especially concerning the very early history of the earth. Erosion is largely 
absent on the moon because it has little or no atmosphere, and tectonic 
processes are probably long since at an end. Hence it is probable that 
we are able to see on the lunar surface structures dating from the very 
beginning of its history, and may surmise something as to the correspond- 
ing conditions on the primitive ‘earth. Again, the thermal histories of the 
costs and moon are closely related, and the effect of tidal friction on the 
moon’s motion has been used in the past to give an age for the earth- 
moon system. 

The information we have on the moon is detailed in some respects—e.g. 
its visible surface is better mapped than many regions of the earth—but 
still verv inadequate in others. For example, it has been found possible 
to argue over something as fundamental as the nature of the surface 
material which makes up the maria; one view is that they consist of 
rock powder or dust which has settled into flat plains in the low portion 
of the moon; the other that they are great lower floors. This problem is 
closely related to the moon’s thermal history, and an important fact to be 
considered in studying the latter is the non-equilibrium shape of the 
moon; it possesses a “bulge” towards the earth which would not be 
maintained if the interior were molten or near the melting-point. As 
mentioned, the tides have an important long-range effect on the earth- 
moon system, for they transfer angular momentum and have caused the 
moon to recede from the earth; rough estimates of the rate of recession 
are compatible with present estimates of the age of the earth. 

The first question that comes to mind in comparing the moon and 
earth is why the craters are so numerous on the one and lacking on the 
other. Attempts to explain them as volcanic features have not been con- 
vincing, and if they are considered, as is usual, to be due to explosive 
meteoritic impacts it might be concluded either that both the moon and 

* Abstract of a paper presented to the I.U.G.G. meeting in Toronto, September 1957. 
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earth suffered intense bombardment early in their history (all traces now 
being gone from the earth, in line with the fact that the oldest rocks 
known are 3 < 10° years old but the earth’s age is 4.5 10° years), or 
that the moon has somehow experienced a more intense bombardment 
than the earth. 

The origin of the maria brings in the problem of the moon's thermal 
history. The largest of these, Mare Imbrium, is almost certainly the result 
of an enormous impact. There are difficulties in the way of explaining 
them all as impact features filled with “dust”, not lava, for if the moon 
has always been cold the radio-active elements would be distributed 
uniformly throughout and, according to the latest estimates of radio- 
activity in meteorites, would have raised its interior nearly to the melting 
point. “This might indicate that radioactivity in meteorites does not give 
average values for the moon or earth. On the other hand, if there has been 
volcanism on the moon (for which there is some visual evidence ) and the 
maria are to be explained as lava flows, then another thousand million 
years or so must be added to its age for radioactive heating to have taken 
place, and there are difficulties in understanding the relationships of the 
earth’s and the moon’s ages and the time of formation of the lunar 
features. 

This brief sketch of some problems of lunar history has attempted to 
show how they bear on such geophysical matters as the age of the earth, 
concentrations of radioactivity, and even oceanic tides. It would indeed 
be desirable for more geophysicists to join the astronomers in studying 
our fascinating, though perplexing satellite. 


CANADIAN METEORITE CRATERS* 


By C. S. BEALS 


Dominion Observatory, Ottawa 


Tue discovery by V. B. Meen of the Chubb or New Quebec Crater, 
2 miles in diameter, (this Journav, vol. 44, p. 169, 1952) stimulated 
Canadian interest in meteorite craters and led to a search of aerial 
photographs and maps for other objects of similar character. Three 
additional probable meteorite craters have been found by Dominion 


* Abstract of a paper presented to the I.U.G.G. meeting in Toronto, September 1957. 
R.A.S.C. Jour., Vol. 52, No. 1 


4 

| 

4 

4 


Canadian Meteorite Craters 19 


Observatory scientists (this JouRNAL, vol. 50, p. 203, 1956) and another 
crater has also been found by Meen. 

The identification of these craters as probably caused by meteorite 
impact depends upon their circular form and the similarity of their 
contours to those of lunar craters and confirmed terrestrial impact craters 
like the Barringer crater in Arizona. One of the most interesting finds, due 
to M.J.S. Innes, is the crater at Deep Bay, Sask., which is between seven 
and eight miles in diameter (see this JouRNAL, vol. 51, p. 235, 1957). 

A crater near Brent, Ontario, 2 miles in diameter, and a similar one at 
Holleford, Ontario, 1.46 miles diameter®, have been investigated by 
drilling and both have been found to be filled with paleozoic sediments. 
The minimum age of these two craters has been estimated at 500,000,000 
vears and it may be that they were formed in Precambrian times. 
Examination of rock cores has indicated that the material under the 
sedimentary layers consists of broken and powdered rock weakly re- 
cemented; i.e. material which could have been produced by explosive 
impact. The character of the fragments is similar to the rocks forming the 
Precambrian basement in the vicinity of the craters. 

In addition to the five probable meteorite craters already mentioned, 
eight other circular features varying in size from a few hundred yards 
to 400 miles in diameter have also been noted on aerial photographs 
and maps. It has not yet been possible to investigate them in detail 
but it seems likely that some of them have had their origin in meteorite 
impact. 

The increased number and size of known terrestrial meteorite craters 
and their resemblance to the circular features which dominate the lunar 
surface suggests that meteorite impact may have been one of the im- 
portant influences responsible for the large-scale topography of the earth. 
Any such conclusion requires more data before any final judgment can 
be made upon it and it is suggested that intensive searches of aerial 
photographs in as many different countries as possible might well lead 
to interesting and valuable results bearing on the problem. 


°The largest terrestrial meteorite craters previously known were the Barringer 
Crater in Arizona (0.75 miles diameter) and the Talemzane Crater in North Africa 
(1.26 miles diameter). 
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STELLAR POPULATIONS—THE KEY TO OUR GALAXY 


By J. B. Oke 


David Dunlap Observatory, Richmond Hill 


On several fall nights in 1943, Walter Baade, an astronomer at the 
Mount Wilson Observatory, was photographing with new techniques 
nearby galaxies with the 100-inch tele scope. Previous photographs had 
shown that the Andromeda galaxy contained very luminous hot stars 
in the spiral arms. It was realized that the central bright region of the 
galaxy must be composed of stars, but photographs had not resolved 
them. The elliptical galaxies likewise were expected to be composed of 
stars which were not resolved. 

The photographs taken by Baade were destined to alter the whole 
course of astronomy, for they showed for the first time these galaxies 
resolved into millions of very faint stars (Baade, 1944b). Baade was 
able to show that these stars did not resemble stars in the neighbourhood 
of the sun, but rather were remarkably similar to the stars in globular 
clusters. 

By studying our own Milky Way system and these distant galaxies, 
Baade demonstrated that stars could be divided into two distinct groups, 
which he called Population I and Population II (Baade, 1944a, b). Oort, 
many years before, had been able to divide the stars in our own galaxy 
into these same two groups (Oort, 1926). The stars in each of these 
populations had certain characteristics in common, The Population IL 
stars, typified by the stars in globular clusters and those resolved for the 
first time in distant galaxies, were thought to be the oldest stars in the 
galaxies. The Population I stars were, for the most part, stars like those 
in the neighbourhood of the sun, and also like the hot, luminous stars 
found in the spiral arms of the Andromeda Galaxy; they were the 
younger stars in the galaxies. 

In the ensuing years, astronomers were able to assign the many different 
types of stars to one or the other of the populations on the basis of their 
motion and position within the galaxy. Cepheid variables were popula- 
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tion I; cluster-type variables, on the other hand, were Population II. 
Globular clusters were Population II, galactic or open clusters, Population 
I. The sun was considered to be Population I. Difficulties arose, however. 
It was not always clear to which population a particular type of star 
should belong. In fact, astronomers were not even in agreement as to the 
essential characteristics of the two populations. 

Very recently, a number of noted astronomers, using new observational 
and theoretical results, have revised and expanded Baade’s original two 
populations to five distinct groups. The essential property that dis- 
tinguishes these five populations is the age of the member stars. The 
populations have other important auxiliary properties and it is these 
which can tell us, not only what our galaxy is like at present, but also 
can give us clues about the nature and changes in our galaxy during the 
past six billion years. 

Before we can understand stellar populations, it is necessary to under- 
stand what our own galaxy is like. It is a large mass of matter collected 
together in a relatively small region of space. The total amount of mass 
is about 200,000 million times the mass of the sun. This matter is not 
collected in a giant ball, but is in the form of a thin, lens-shaped circular 
disk surrounding a large massive central bulge. This circular disk is about 
75,000 light-years in diameter but only 1,000 light-years thick. The 
central bulge is perhaps 20,000 light-years in diameter. Our sun is about 
25,000 light-years from the centre of the system and is embedded in the 
thin disk of matter. If we look down on our galaxy it might appear like 
the galaxy Messier 101 which is shown in figure 1. Figure 2 is a schematic 
cross-sectional view. 

This vast lens-shaped disk of matter is slowly rotating about the galactic 
centre. The sun which partakes of this motion makes one complete 
revolution about the centre every 200 million years; to do this it must 
travel at a speed of about 150 miles per second. The matter which is 
closer to the centre than the sun rotates almost as a solid body; the 
matter beyond the sun rotates more slowly about the galactic centre. 

The matter in our galaxy is contained mostly in stars. Most of them are 
very much like our own sun. Some, however, far more luminous and 
much hotter than the sun, are called O- and B-type stars. Others, much 
larger than the sun but usually cooler, are called giant and supergiant 
stars. Most of these stars are found singly or in pairs. In some cases, the 
stars are in groups having from a dozen to perhaps a thousand members; 
these are called galactic or open clusters. Occasionally there are clusters 
of hundreds of thousands of stars; these are the famous and beautiful 
globular clusters. 
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' 
Fic. 1—The galaxy Messier 101, which may be similar in appearance to our own 
galaxy. (Photographed at the Mount Wilson Observatory. ) 


Fic. 2—A cross-sectional schematic picture of our galaxy. The position of the sun 
is marked by S. The small dots represent the globular clusters in the galactic halo. 
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In addition to the stars, there is a small amount of matter in the form 
of gas and dust particles pervading the space between the stars. There 
is enough of this interstellar material to obscure our view of our galaxy, 
particularly in certain directions. The great, dark rift in Cygnus is caused 
by a large cloud of dust which hides everything beyond it. One way in 
which the interstellar gas makes itself known is through its radio- 
frequency radiation w hich is studied by radio astronomers. 

The individual stars, the galactic and globular clusters, and the inter- 
stellar gas and dust do not necessarily inhabit the same regions in our 
galaxy. The globular clusters are not found particularly in the lens- -shaped 
disk of the galaxy but far above or below it. Some of them are tens of 
thousands of light-years away from the disk. Many globular clusters are 
also found in the central bulge. The points in figure 2 show schematically 
where they are located. There is a group of very hot but faint individual 
stars which behaves in this same w ay. These clusters and stars do not 
appear to rotate appreciably about the centre of the galaxy. 

There are other groups of individual stars which are found mostly in 
the central bulge, although a few are located as far away from the centre 
as the sun. These groups include the cluster-type variables (also found 
in globular clusters) and the planetary nebulae. The Ring Nebula in 
Lyra is one of the closer planetaries. 

The majority of stars, however, are found close to the galactic plane, 
that is in the lens-shaped disk. These are the kinds of stars which we 
observe near the sun. But even these stars can be separated into groups 
which have different characteristics. Many stars, like the sun, rotate about 
the galactic centre at a speed of about 150 miles per second. Others, 
however, rotate about the galactic centre much more slowly. Such stars, 
when they are close to the sun are rapidly being left behind by it. 
Consequently they appear to be moving away from us very rapidly; in 
spite of their nature we call them “high-velocity” stars. 

The gas and dust is confined not only to the lens-shaped disk of our 
galaxy, but also to long spiral arms within this disk. These arms, often 
very irregular in shape, spiral outwards from the central bulge. They 
can be seen in figure 1. The gas and dust is much denser within them 
than in the spaces between. In our galaxy the best way to find these 
spiral arms is by observing the radio-frequency radiation from the inter- 
stellar gas. In the last year or two radio astronomers have located 
several spiral arms in our galaxy (Westerhout, 1957). The sun is located 
at the inner edge of a spiral arm. One group of stars is found to be 
embedded, almost without exception, in the arms of gas and dust. These 
are the O- and B-type stars, the hottest and most luminous in the sky. 
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It is even possible, using them, to find the position of these spiral arms 
in our galaxy. 

We have described the main features of our galaxy. To summarize, 
the galaxy is a large lens-shaped disk of stars and interstellar matter with 
a central bulge made up primarily of stars. Surrounding this flattened 
disk is an enveloping spherical system of globular clusters; these form 
what is often referred to as the galactic halo. 

The problem of defining stellar populations is essentially that of dividing 
this vast complexity of stars, gas, and dust into different age groups. 
Ideally one might set up a system of populations, each one corresponding 
toa specified time interval of one billion years. This method is not at 
present feasible or desirable because (a) during certain periods in the 
history of the galaxy, stars may not show appreciable differences during 
an elapsed time of one billion years and (b) during certain other periods 
significant changes may occur in much shorter periods of time. In the 
table are given the names of the accepted five populations and the 
approximate range in ages of the member stars. Extreme Population | 
stars have all been born within the last billion years. The oldest stars in 
the galaxy are about 6% billion years old and are almost as old as the 
galaxy itself. 

It is clear that a group of stars can be assigned to a population most 
readily if the age of the stars can be obtained. The best method of age 
determination depends on the study of the thermonuclear reactions which 
occur deep within the star. A star when it is born is composed mainly 
of hydrogen, some helium and a few impurities. It will have a certain 
radius, luminosity, and temperature, all of which depend on the mass. 
Stars of high mass are hot and very luminous, those of low mass are cool 
and faint. The star is kept hot by the conversion of hydrogen into 
helium deep in the interior. The sun uses up its hydrogen supply so 
slowly that it can shine for tens of billions of years. Stars which are more 
massive and brighter use up their hydrogen supply much faster. Thus O- 
and B-type stars have only enough fuel to last a few million years. Since 
they are seen in the sky they must be very young. We can assign them 
with certainty to Extreme Population I. The Pleiades cluster has some 
of these very luminous stars. It also belongs in Extreme Population I. 
The fainter stars in the Pleiades, of course, also belong to this population 
since all stars in a cluster have the same age. 

The stars just described are very young ones. If one looks at an older 
cluster one would expect to find that the very luminous stars would 
already have consumed their whole hydrogen supply and disappeared. 
A cluster which is one or two billion years old will have no hot O- or 
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B-type stars left. As one would expect, it is possible by considering the 
most luminous stars in any given cluster to determine its age by calcu- 
lating how long the stars could exist on their known fuel supply. This has 
been done for many clusters (Underhill, 1957) (Oke, 1955). One finds 
that many of the galactic clusters are between | and 3 billion years old. 
They are clearly Intermediate Population I. A few galactic clusters are 
even older. The globular clusters can be analysed in the same w ay. Those 
which are located in the galactic halo appear to be over 6 billion years 
old. These clusters are therefore members of Extreme Population II. The 
age of the sun can be estimated at about 4 billion years, which corresponds 
to the age of the earth. Thus the sun belongs to the disk population. In 
order to assign stars for which ages are not readily measurable to the 
correct population it is necessary to study various properties of the stars. 
The motion of a star and its position in the galaxy help to indicate the 
population to which it belongs. The so-called “high-velocity” stars dis- 
cussed already belong to the Intermediate Population II. The interstellar 
gas and dust is always associated with O- and B-type stars and can be 
classed at Extreme Population 5 


| <Agein | Percentage 
Billions | of Heavy 
J “opulation of Years Examples Elements 
Extreme ‘Population I 0-1 | Hot O- and B-type stars, ! 
Interstellar gas and dust, 
Young galactic clusters 
Intermediate Population I 1-3 Older galactic clusters 3 
Disk Population 3-5 The sun 2 
Intermediate Population II 5-6 “High-velocity” stars | 
Extreme Population II | 6-63 Globular clusters in the 0.3 


galactic halo 


In the table the various groups of stars are shown opposite the appro- 
priate population. The list of stars is only a partial one, but illustrates 
the content of the various populations. 

We have discussed the matter in our galaxy from the point of view 
of its distribution and time of origin or age. To discover and understand 
some of the changes which have and are occurring in our galaxy it is 
necessary to consider the chemical composition of the stars and inter- 
stellar material. With very few exceptions the stars and the interstellar 
medium are composed almost entirely of hydrogen and helium, with 
traces of most of the other 90 chemical elements. We shall refer to these 
traces together as the “heavy elements”. Among the heavy elements in 
stars are included carbon, nitrogen, oxygen, silicon, iron, titanium, and 
lead. 
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The amount of hydrogen and helium in stars does not appear to vary 
significantly in our galaxy because it forms such a large percentage of 
the total amount of material. The impurities or heavy po Sn on the 
other hand, do vary significantly. While it is a formidable task to measure 
with any accuracy the percentages by weight of heavy elements in stars, 
it has been done for a few stars in the various population groups. These 
percentages are shown in the table. Although the figures are uncertain, 
still the evidence is strong that the young Extreme Population | stars 
have significantly more heavy elements than the old Extreme Population 
II stars. Furthermore, there appears to have been a gradual increase in 
the amount of heavy elements after our galaxy first ome Since stars 
were first born 6% billion years ago, each new generation seems to have 
had more heavy elements than the last. Various explanations for this 
phenomenon have been ¢ given. To understand one of the most interesting 
current hypotheses it is’ necessary to return to the problem of thermo- 
nuclear reactions in stars. 

It was previously noted that stars keep shining by the nuclear burning 
of hydrogen into helium. This process, of course, cannot itself affect 
directly the percentages of heavy elements in any way. Indirectly, how- 
ever, the nuclear burning of hy drogen to form helium in some stars may 
lead to conditions in the deep interior which favour the formation of the 
heavy elements out of helium and carbon. 

Hydrogen is converted into helium only in the innermost regions of the 
star. Since the matter in a star does not appear to be mixed, there is a 
gradual build-up of helium near the centre. Eventually the central region 
will become entirely helium and heavy elements; the outside env elope 
will not have changed appreciably. The star changes very little as this 
process occurs until the central helium region becomes about 12 per cent. 
of the total stellar mass. Then the star rapidly grows larger and more 
luminous, eventually becoming a giant star. Meanwhile, in the centre 
the temperature has steadily crept up to 100 million degrees Kelvin or 
more, When such temperatures are reached the now-abundant helium 
can be transmuted into the heavier element carbon with a release of some 
energy. Beyond this point theoretical astronomers are uncertain what 
happens to the star. 

However, astronomers are fairly certain what the eventual destiny of a 
star must be. It ends its life cycle as a white dwarf, a star little larger than 
the earth, but as massive as the sun. White dwarfs are considered to be 
very common in the galaxy; the faint companion of Sirius is such a star. 

It is not known in detail how a star which has used up most of its hydro- 
gen and perhaps converted some helium into carbon becomes a white 
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dwarf. The less massive stars can probably become white dwarfs by a 
relatively slow, unexciting process. More massive stars must get rid of 
some or even most of their mass before they can become white dwarfs. 
While some stars may lose mass gradually, it is possible that other stars 
lose it in a violent and sudden explosion. These exploding stars are 
observed; they are the supernovae. Such stars in a few days increase in 
brightness many millions of times and then slowly fade again. We can see 
the remnants of one such explosion recorded by the Chinese in A.D. 1054. 
It is the Crab nebula, a large, nearly spherical mass of gas expanding 
rapidly outward into space. 

What causes this violent disruption of the star? It has been suggested 
that the central helium region of a highly evolved star may, under certain 
conditions, rapidly collapse, heating up to billions of degrees. The hydro- 
gen from far out in the star falls into this high temperature region where 
it reacts violently like a hydrogen bomb and the star explodes. Nuclear 
physicists studying conditions which are likely to occur in supernovae 
find it possible that most of the 92 known elements, even such elements 
as lead and uranium, can be built up (Cameron, 1957). If heavy elements 
are formed in supernovae, then some fraction of these heavy elements 
must be hurled into space during the explosion. We have then in super- 
novae one mechanism for enriching the heavy elements in our galaxy. 
Possibly there are other mechanisms which have the same effect. 

If we assume that the evolution of stars provides a mechanism for 
creating heavy elements and ejecting them into interstellar space, then 
we can see how our galaxy must have evolved. When it first formed it 
contained little or no heavy elements. All the matter was in clouds of 
rarified gas. Stars of all masses formed out of these clouds of gas. The 
very massive stars evolved very rapidly. Some of these may have become 
supernovae in which heavy elements were made and ejected into space. 
The much less massive stars would evolve so slowly that they are still 
in existence; they are the Extreme Population II stars which we still see. 
The next generation of stars formed out of interstellar matter which had 
slightly more heavy elements. As our galaxy became older, more and 
more heavy elements were introduced into interstellar space and each 
new generation of stars had slightly more heavy elements than the pre- 
vious one. This process must still be going on. 

The role of the interstellar matter is also of interest. When the first 
stars were born the galaxy must have been entirely interstellar gas. As 
each generation of stars formed out of this interstellar matter, some of 
the matter was trapped in the faint, almost unchanging stars of small 
mass. Thus after each generation there was less interstellar matter and 
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inore stars, At present only about 2 per cent. of the mass of the galaxy is 
in the form of interstellar matter. Eventually this matter will almost com- 
pletely disappear. When this happens, no new stars will form, very 
luminous stars will rapidly disappear, and we shall be left with a galaxy 
composed of faint, cool stars and tiny white dwarfs. Our Milky Way 
system will have become a rather uninteresting place in which to live. 
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METEOR NEWS 
By Peter M. Millman 


National Research Council, Ottawa 


Tue I.G.Y. VisuaL METEOR PROGRAMME—PRocREsS REPORT No. 1 


Large numbers of observations on the I.G.Y. visual meteor programme 
(1) have now been received at headquarters and already we have a 
significant amount of statistical material. If those co-operating in this 
programme continue to remain active throughout the remainder of the 
International Geophysical Year, it is certain that the data collected, when 
combined with the radar results, will give very valuable information on 
the numbers and size distribution of meteoroids in the solar system. 

The observations on this visual programme are being analy sed jointly 
by Miss M. S. Burland, of the Dominion Observatory, and myself. We 
plan to issue periodically a bulletin which will give the names of all 
observers, a summary of observing periods and meteors recorded, and 
other information of interest relating to the progress of the reductions. 
This bulletin will be distributed to all those co-operating in the meteor 
work. 

Space does not permit a complete listing here of all the names of 
observers. However, a brief summary of observations received at head- 
quarters up to October 15, 1957, is compiled in Table I. A number of 
reports from other countries, in particular, observations from Japan and 
Brazil, arrived just too late to be included in this list and will appear in 
the next progress report. In Table I the observation stations have been 
listed alphabetically in the first column, followed in the next column by 
the name of the observer who has made the report. In the case of a group, 
this is either the organizer of the observations or the secretary of the 
group. The next three columns list, respectively, the totals for the number 
of nights observed, the number of ten-minute periods observed, and the 
number of meteors recorded. The last column gives the average number 
of observers (including timekeeper ) active at one time. 

It will be seen that a grand total of 18,885 meteors has been recorded 
in 8,743 ten-minute periods, an over-all average rate of 13 meteors per 
hour. This figure should not be used statistically since it refers to observing 
groups of various sizes. These data were secured at 130 stations located 
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TABLE I 


SUMMARY OF OBSERVATIONS RECEIVED UP TO OCTOBER 15, 1957, 


ON THE Special I.G.Y. VisuaL MrETEOR PROGRAMME 


Ten- 


Minute Metecrs No. of 
Location Name Days Periods Recorded Observers 

Ainsworth, Iowa S. A. Coon 5 30 22 l 

Algonquin Park, Ont. L. Mill 5) 30 1 2 

Atlanta, Ga. #1 H. M. Light 3 Is 9 l 

Atlanta, Ga. #2 M. Rushton 12 112 146 l 

Atlanta, Ga. #3 D. Cravens 2 13 13 l 

Baltimore, Md. IX. Delano 7 1G 78 1 

Beach Haven, N.J. D. Carey 2 1s 23 I 

Bethel, Vt. R. Clifford S 7 56 l 

Bexleyheath, England K. Herbert 4 26 24 2 

Blairsden, Calif. J. A. Russell 2 41 136 4 

Boise, Idaho J. Westby 15 110 277 2 

Brewer, Me. F. Sawtelle 1 6 10 l 

Bronx, N.Y.C., N.Y. J. Morrow 1 15 62 1 

Brooklyn, N.Y. 41 R. Bell 3 39 82 2 

Brooklyn, N.Y. 42 J. Charves l 20 44 5 

Brunswick, Ohio H. Decker Ss rt 34 ] 

Burlington, Vt. J. Bailey 4 24 34 l 

Caguas, Puerto Rico A. Niévies 4 57 209 1 

Caney, Kansas P. Holt 4 37 73 l 

Cape Elizabeth, Me. R. Dole l 6 l4 l 

Cedarhurst, N.Y. E. Heinhold 21 136 82 1 

Centreport, Pa. R. Machemer 7 70 135 2 

Chester, Pa. G. Nagy l 6 5 l 

Chicago, Ill. 41 R. Koezor 7 49 2 
‘ Chicago, Ill. #2 D. Fretland 4 6 71 3 
Clarkston, Wash. F. Mosher 2 12 65 3 

Clayton, Me. D. Megginson 4 37 27 I 

Cleveland Hts., Ohio J. Breckinridge 1 6 13 l 

Columbus, Ohio #1 L. Oaks 3 18 28 2 

Columbus, Ohio #2 C. Pickard 7 83 127 2 
Crockett, Texas A. Collins l 33 68 2 

Dallas, Texas #1 J. McKoy 11 92 218 l 

Dallas, Texas #2 J. Flatguard 3 71 249 4 

Des Moines, lowa T. Morehead 4 43 42 l 

Des Plaines, Ill. G. Rippen 26 305 430 1 

Durham, N.C. D. Seogroves 1 33 19 1 

$ Dyer, Ind. J. Berg 3 33 118 l 
Edmonton, Alta. 41. Loehoe 4 26 44 

, Edmonton, Alta. #2. E. Milton 4 25 179 5 
Elyria, Ohio D. Diedrich 4 30 33 2 
Emporium, Penn. D. Regester 15 10] 172 3 

Ferndale, N.Y ]. S. Levine 5 36 13 l 

9 50 24 


j Fort St. John, B.C. R. W. Brown 


Average 
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Ten- Average 
Minute Meteors No. of 
Location Name Days Periods Recorded Observers 
Fort Wayne, Ind. #1 J. Phillipp 13 72 109 l 
Fort Wayne, Ind. #2. D. Nelson 6 63 29 1 
Franklin Park, IIL. A. Demos 7 44 
Great Neck, L.I. J. Rider I 6 25 l 
Greenwich, Conn. J. Halloran 3 24 24 4 
Guayama, Puerto Rice R. M. Baquero 17 183 37 4 
Hamilton, Ont. J. A. Winger 5 50 80 3 
Harlan, lowa kK. Johnson 9 70 SI 1 
Hayward, Wis. K. Davenport 6 73 130 l 
Hettinger, N.D. E. Hiits } 33 24 2 
Holgate, Ohio J. Rush 9 56 dt 1 
Hopewell, N.J. F. Manasek 7 52 82 l 
Ions, Ohio D. Hansen 6 80 120 2 
Islip Terrace, N.Y. W. Webster 20 128 Ht | 
Keokuk, Iowa S. R. Sinotte 2 41 118 2 
Kingston, Jamaica E. C. Melville } 27 38 3 
Ladysmith, P.Q. W. A. Gault 5 41 S4 1 
Ledi, Cal. #1 R. Birch 21 262 571 l 
Lodi, Cal. #2 P. Sheehan 4 47 68 ] 
Los Angeles, Cal. T. Quinn 24 143 273 1 
Loveland, Colo. P. R. Moulton 5 37 60 1 
Lucerne, Switzerland Dr. E. Roth 6 73 153 1 
Manhattan Beach, B. Brown 3 25 12 I 
Miamsburg, Ohio Woodard 2 23 54 
Milford, Conn. H. Maddocks 3 18 154 l 
Minneapolis, Minn. #1 R. H. Scrimshaw 13 83 103 2 
Minneapolis, Minn. #2 J. Gaustad I 16 85 a 
Montgomery, Ala. J. Connell 3 11 43 1 
Montreal, P.Q. E. E. Bridgen 5 66 103 5 
Moose Jaw, Sask. L. Larsen 7 62 184 3 
Morton Grove, Ill. M. Gear 8 68 124 1 
Mt. Palomar, Cal. T. Quinn 2 12 62 ] 
Nassau County, L.I. C. Kormac l 6 35 ] 
#1 
Nassau County, L.I. R. Marker ] 6 30 l 
Newark N.J. A. Krammar I 31 57 2 
Newark, Ohio M. Obrien 10 127 215 5 
New Brunswick, N.J. D. Heinlein 6 35 11 2 4 
New Cumberland, R. Zaritsky 1 7 7 2 
Penn. 

New Milford, N.J. A. Dominski 8 71 146 2 
New York, N.Y. 41 J. Herman l 3 25 I 
New York, N.Y. #2. P. Mechensie l 24 65 ] 
New York, N.Y. #3. T. Mooney 5 54 75 3 
New York, N.Y. #4 A. Pearlmutter 35 415 1577 2 
New York, N.Y. 45 — S. Schroden l 24 50 l 
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Oakville, Ont. 
Oildale, Cal. 


Omaha, Neb. 
Ottawa, Ont. #1 
Ottawa, Ont. #2 


Pine Bush, N.Y. 
Pittsburg, Penn. 
Portsmouth, Vir. 


Pueblo, Colo. 41 
Pueblo, Colo. 42 
Regina, Sask. 


St. Mary's, Ohio 
Sacramento, Cal. 
Salem, Oregon 
San Diego, Cal. 


San Jose, Cal. 
Sarles, N.D. 


Shediac, N.B. 


Shelby, Ohio 
Skokie, Il. 


Teaneck, N.J. 


Toronto, Ont. 
Vancouver, B.C. 
Victoria, B.C. 
Villa Rica, Ga. 


Wichita, Kansas 
Wilmette, Ill. 


Ten- Average 
Minute Meteors No. of 
Location Name Days Periods Recorded Observers 

New York, N.Y. 46 P. Sherman 1 15 64 l 

North Little Rock, D. P. Murphy 1 | 1 1 
Ark. 

P. Bowker 7 86 290 2 

C. R. Hayshetf 2 20 83 2 

Oklahoma City, Okla. T. Robinson 25 659 2867 2 

C. Moroson 27 58 2 

Miss M. Burland 11 380 1327 9 

W. A. Gault 15 23 2 

Phoenix, Arizona D. Cope 2 14 14 1 

E. Tress 4 23 40 2 

W. A. Fiebleman 23 161 104 l 

C. Rosekrans 27 162 345 l 

Poughkeepsie, N.Y. _T. Greer 9 37 12 l 

Prince George, B.C. SS. Howarth 2 12 16 1 

R. Schwab 15 376 705 l 

C. Laurence 8 137 198 l 

E. Majden 48 375 561 3 

Rosthern Rural Obs., W. Epp 4 71 21 l 
Sask. 

J. Hertenstein 1 17 20 2 

J. York 6 89 116 1 

E. Breithaupt 10 138 387 5 

K. Yarab 21 124 7 1 

Sandy Point, Me. P. Miscall 4 31 58 l 

S. Bienda l 22 500 6 

J. Leppert 4 25 5Y 2 

Scranton, Penn. #1 J. Kosmo 4 24 28 l 

Scranton, Penn, #2 A. Vinzkov 5 144 280 1 

A. R. MacLennan 2 15 20 l 
(St. Lambert, P.Q.) 

J. Horner 8 39 54 I 

M. Gear 10 126 83 2 

South Gloucester, Ont. B. Gault 2 20 295 7 

Stone Mountain, Ga. D. Cravens ; 25 24 1 

Miss J. Shelby 4 30 68 1 

G. A. Cooper 1 6 2 4 

N. Eisner 9 70 472 4 

L. C. Brice 2 13 l 1 

W. F. Barber 2 12 6 1 

West Bablon, N.Y. A. Cortez 1 3 20 1 

Western Springs, Ill. N. Solliday 7 193 418 6 

West Nanticoke, Penn. H. Humphries 1 6 1 l 

D. Solter 3 24 37 1 

M. Shakman 2 26 19 4 

Woonsocket, R.I. R. Latour 7 42 11 l 

Grand Total 8743 18885 
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in Canada, continental U-S.A., Puerto Rico, Jamaica, England, and Swit- 
zerland, and 367 individuals took part in the work. Sincere thanks go to 
all observers who are contributing to this special I.G.Y. effort. The value 
of the results of a station should not be gauged by the total number of 
meteors recorded. As I have pointed out before, negative results are just 
as important as positive. On the basis of ten-minute periods observed, 
the stations at Oklahoma City, New York #4, Pueblo #1, and Regina are 
outstanding for groups; while Des Plaines, and Lodi #1 lead the single 
observers. 

We will welcome additional observers on this programme, Observing 
forms and instructions may be secured free of charge by writing to Meteor 
Centre, 1.G.Y., National Research Council, Ottawa. This address should 
also be used for all correspondence relating to the programme. In con- 
clusion, the assistance of Miss M. Baker in the preparation of the tabular 
material is acknowledged with thanks. 


Meteor News 
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REVIEW OF PUBLICATIONS 


The Copernican Revolution (Planetary Astronomy in the Development 

psd Western Thought) by Thomas S. Kuhn. Pages xviii plus 297; 

i < 9% in. Cambridge, Harvard University Press; and Toronto, S. J. 
be Saunders and Co., 1957. Price $7.25. 


Thomas Kuhn’s The Copernican Revolution is a study of planetary 
astronomy which tells the story of how scientific thinkers, ‘from the early 
Greeks to Sir Isaac Newton, strove to understand the nature of the solar 
system, and also how the basic thought process of western culture were 
thereby altered. 

Professor Kuhn (who teaches history of science at the University of 
California) regards Copernicus as “a Renaissance astronomer in whose 
work the two traditions [the Ptolemaic and the modern] meld”. The 
Greek astronomers had been aware, some of them at least, that a possible 
explanation of the apparent motions of the sun and planets lay in a sun- 
centred system, but for both physical and philosophical reasons they pre- 
ferred an earth-centred hypothesis, and they built up an ingenious and in 
many ways successful, mechanism to explain the observed motions. That 
this ‘theory survived without any important changes from the time of 
Ptolemy to the time of Copernicus was due mostly to the early Christian 
tendency to minimize the importance of the study of nature. However, 
with the age of discovery came a growing dissatisfaction with the in- 
adequacy of the astronomical tables available to navigators; and with 
the Renaissance came Neoplatonism, a mystical philosophy in which 

“mathematics exemplified the eternal and real amid the imperfect and 
fluctuating appearances of the terrestrial world”. Copernicus was an 
astronomer who recognized the need for a radical change from the 
Ptolemaic system; he was also a Neoplatonist and a skilful mathematician. 
He revived the sun-centred hypothesis of the Greek Aristarchus, but he 
went much further than merely suggesting that the earth and planets 
revolved about the sun and that the earth turned on its axis. He removed 
(or at least minimized ) some of the objections that might be raised to the 
motion of the earth, and he developed a detailed account of the astro- 
nomical consequences of the earth’s motion. But for all that, as Professor 
Kuhn makes clear, the irony of Copernicus’s life work is that, in order to 
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compute planetary positions he had to resort to the very mechanisms of 
Ptolemaic astronomy whose inaccuracy, complexity and inconsistency had 
so repelled him. It is in this way that the two traditions meld in his work. 

Reception of the Copernican sun-centred hypothesis was at first quiet. 
For one thing, Copernicus’s great work, the De Revolutionibus, was 
highly technical and understood only by the best-trained astronomers. The 
re ‘ligious significance was seized upon not only by the Catholic church, but 
by the Protestant leaders, who, though they threatened much, were able 
to do little to suppress what they regarded as heresy. It was not until 
nearly a century after the death of C Jopernicus that the Catholic Church, 
impe lled, Professor Kuhn believes, by a reaction to pressures brought to 
bear by the Protestant revolt, finally took a stand against Copernicanism. 
The shameful persecution of Galileo was the result. 

In Professor Kuhn’s opinion, the De Revolutionibus is significant less 
for what it says than for what it caused others to say. It was the followers 
of Copernicus who put the heliocentric hypothesis on a firm footing, 
particularly Kepler and Newton. Kepler’s patience wrested from Tycho 
Brahe’s observations his famous three laws of planetary motion; Newton’s 
genius reduced these to a single principle—universal gravitation. From 
Newton's work came a new understanding of matter which made possible 
a systematic approach to other scientific problems; it was one of the 
roots of the revolution in chemistry which centred about Lavoisier at the 
end of the eighteenth century. It is remarkable that, in a sense, man 
eventually discovered the mechanism of his own body by first studying 
the most remote objects he could see. 

The Copernican Revolution will be enjoyed by anyone who is interested 
in fundamental scientific principles. The author has quoted generously 
from the original sources, particularly from the work of Copernicus 
himself. For 5 te who w ait to pursue the subject further he has included 
both a list of references and an excellent critical bibilography. 


Joun F. HEARD 
Astronomie—Tatsachen und Probleme by Oswald Thomas, 7th edition. 


Pages 1011; 6 9 inches. 458 illustrations in text plus 41 full page plates. 
Salzburg, Verlag “Das Bergland-Buch”, 1956. Price 48 DM. 


This is the latest edition of a general work on astronomy, first published 
in 1933. It is a monumental and popular treatment of the subject, kept 
up to date throughout its various editions, Dr. Thomas is an Austrian 
astronomer who, for many years, has been interested in popularizing 
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astronomy. He excels in drawing original diagrams which explain difficult 
points to the layman. He is also a master at designing useful and attractive 
tables for the presentation of numerical values. Hence, though this book 
is written in German, the English reader will find it valuable for the 
hundreds of illustrations and tables alone. The diagrams are of the type 
suitable for blackboard presentation. I recommend this volume particu- 
larly to anyone teaching astronomy or giving popular lectures on the 
subject. 

Peter M. 


Arizona's Meteorite Crater by H. H. Nininger. Pages iv plus 232; 5% « 8% 


> 


inches. Sedona, Arizona, American Meteorite Museum. 1956. Price $3.75. 


With the growing realization that ancient meteorite scars appear at a 
number of widely separated locations in Canada, the subject of meteor 
craters is of very topical interest to Canadians. This book, by one of the 
world’s leading authorities on meteorites, is the most complete that has 
appeared to date dealing with the world’s first recognized and best known 
meteorite crater, the Barringer Crater, near Winslow, Arizona. 

Dr. Nininger has spent many years studying this feature and its 
surroundings. His book contains a wealth of information and should be 
read by all those studying meteorites and seriously interested in crater 
research. It will also be of interest to anyone desiring to have a full 
understanding of the past history of the earth’s surface. 

There are many questions concerning the Barringer crater which are 
still unanswered. Dr. Nininger gives his own views on these matters and, 
while all his readers will not agree with him completely, he at least opens 
up the subject for discussion. His treatment of the nature of various types 
of meteoritic materials and dust found near the crater is very thorough 
and forms an important contribution to the science of meteoritics. 

Not the least valuable features of this volume are 48 excellent full 
page plates and a bibliography of 170 scientific papers and articles on 
the crater. 


Peter M. MiL~LMAN 
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VARIABLE STAR NOTES 
By Margaret W. Mayall 


The American Association of Variable Star Observers, Cambridge, Mass. 


Tue AMHERST MEETING OF THE A.A.V.S.O. 


The 46th annual meeting of the A.A.V.S.O. was held at Amherst College, 
Amherst, Mass., during the weekend of October 4 to 6, 1957. Dr. Albert P. Linnell, 
Director of the Amherst Observatory, was our very gracious host, and made the 
meeting a memorable one. The weatherman co-operated and gave us beautiful 
weather to enjoy the spectacular colours of the fall foliage in the Connecticut Valley. 

It was our great privilege to have as our guest and featured speaker the Director 
of the Variable Star Section of the Royal New Zealand Astronomical Society, Mr. 
Frank M. Bateson. He brought us greetings from our fellow observers of the far- 
away southern hemisphere, and told us of the fine work they are doing on the 
southern variables. For many of the variables they had no published charts or 
photographs, and made up their own sketches of the regions at the telescope. Some 
of the southern observatories, notably the Cape Observatory in South Africa, are 
co-operating with them and checking their comparison star magnitudes. 

Albert F. Jones of Timaru, New Zealand, is the most assiduous observer and 
averages around 10,000 observations each year. His observations are made with a 
5%-inch refractor and 8- and 12%-inch reflectors, which enable him to make many 
observations within our “Inner Sanctum” limit (fainter than 13.8). 

The New Zealand observers specialize in morning observations, and their light 
curves have remarkably short seasonal gaps. Following the request of the International 
Astronomical Union, the Directors of the two variable star groups have discussed 
ways and means of better co-operation between the visual observers. It is agreed 
that the New Zealand observers will concentrate on variables south of Declination 
—20°, and the members of the A.A.V.S.O. and other northern societies will have the 
responsibility for stars north of that limit. Observers in other parts of the southern 
hemisphere are needed to supplement the half dozen New Zealand observers in work 
on many neglected southern variable stars. 

At the business session, the following officers were elected for the year 1957-58: 
President, Richard W. Hamilton; Ist Vice-President, Ralph N. Buckstaff; 2nd Vice- 
President, Walter P. Reeves; Secretary, Clinton B. Ford; Treasurer, Percy W. 
Witherell; Director, Margaret W. Mayall. Council members for the year are: Harry 
L. Bondy, Sarah J. Hill, Dorrit Hoffleit, Alan H. Shapley, Edward G. Oravec, George 
Diedrich, John E. Welch, and Charles M. Good. 

For the first time in many years, Dr. Shapley did not present his “Highlights of 
Astronomy” at the annual dinner. He was in the West, in the midst of a very strenuous 
lecture tour of colleges throughout the United States. 

Among the interesting papers given at the meeting were the following: Sun-spot 
Positions, Ralph N. Buckstaff; Electronic Computers and Astronomy, James Henry 
Carlisle III; My First Summer in Nantucket, Dorrit Hoffleit; Semi-Regular Variables, 
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Margaret W. Mayall; 1.C.Y. Prominence Patrol at Northwestern, B. C. Parmenter; 
South of the Border, John J. Ruiz; The Bonn Radio Telescope, Waltraut Seitter; 
A Mysterious Object, Philip Seldon; The Signals are Set, Ralph A. Wright. Abstracts 
of the papers, edited by R. Newton Mayall, will be published by the A.A.V.S.O. The 
Abstracts will also contain a brief description of the Danjon “cat’s eye photometer” 
called to our attention by Harry Bondy. 

The following 34 annual members were elected during the year. In addition, one 
member transferred from Life to Sustaining membership, and 17 transferred from 
Annual to Sustaining membership. Annual: J. Fred Baroco, Alabama; Brian H. Bell, 
California; Clinton L. Buck, Maine; Helene Calamaras, New York; John B. Clarke, 
Pennsylvania; Philip J. Del Vecchio, New Jersey; Donald Engelkemeir, Illinois; 
Frederick W. Fallon, Maryland; Walter A. Feibelman, Pennsylvania; R. P. Gardener, 
Jamaica B.W.1.; W. Val Isham, Ohio; Robert A. James, Wisconsin; Jack Jinkins, 
Tennessee; Jack H. Kubanoft, Pennsylvania; Julius Luck, New Jersey; Robert S. 
Magruder, Virginia; Robert J. McGovern, Pennsylvania; Patrick McIntosh, Illinois; 
Joe S. Miller, California; Milwaukee Astronomical Society, Wisconsin; Earl Ostroff, 
Massachusetts; Dale Panke, Kentucky; Robert Pantle, New York; Arthur E. Pearl- 
mutter, New York; James Pipines, New Jersey; Francis J. Price, New York; Warren 
Scholl, Florida; Philip Seldon, Ohio; Jane Shelby, New Jersey; J. C. Simpson, 
California; Martin A. Sloan, California; D. Stanley, Jamaica B.W.1.; John P. Turtle, 
Massachusetts; Richard E. Wend, Wisconsin. Sustaining: Anne S. Young, California; 
Wallace Byrd, Oklahoma; William G. Cleaver, Connecticut; J]. G. Goodsell, California; 
Bertram C. Horton, New York; Hans D. Isenberg, Illinois; Eugene C. Larr, California; 
Arvid W. Lindblad, Massachusetts; Russell C. Maag, Missouri; Walter L. Moore, 
Kentucky; A. W. Mount, Texas; John Polgreen, New York; Beaufort S. Ragland, 
Virginia; Francis H. Reynolds, New York; Charles L. Ricker, New Mexico; Leif J. 
Robinson, California; Walter A. Stevens, New York; Howard D. Thomas, Washington. 

The Annual Report of the Director showed that 123 observers from 13 countries 
contributed 46,238 observations during the year. In addition, two of the observers, 
Darsenius and Venter, spent 6" 34™ and 2" 40™ respectively, on constant watch of 
some of the flare stars. Thirteen observers made more than 1,000 observations each. 
The three top observers continued in the same order as last year: Reginald P. de Kock, 
6,257; Edward G, Oravec, 5,712; and Cyrus F. Fernald, 4,710. The next 10, in order, 
were Cragg, Ford, Anderson, Adams, Taboada, Hartmann, Rosebrugh, Parker, 
Lacchini, and Peltier. 

Twenty-five observers made the “Inner Sanctum” this year by observing the faint 
variables of magnitude 13.8 or fainter. The minimum phases of our light curves are 
very much better observed these last few years. 

The observations are well distributed over the approximately 900 variables on 
our programme. Our greatest need at present seems to be for more observers who 
are willing to work through the morning hours in order to narrow down the seasonal 
gaps. A few observations of variables which rise long after midnight can be much 
more valuable than a long list from the early evening hours when most observers 
are working. 


The A.A.V.S.O. Solar Division is starting a very interesting programme for the 
U.S.-L.G.Y. Solar Panel. They are recording Sudden Enhancements of Atmospherics 
(SEA’s) due to solar flares, by a radio astronomy technique developed by David 
Warshaw. Four Brown potentiometer recorders have been loaned to the group by the 
National Bureau of Standards. 
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More and more amateur astronomers as well as professionals are becoming 
interested in photoelectric photometers as a means of determining minute changes 
of brightness. The A.A.V.S.O. Photoelectric Photometer Committee has filled many 
requests for its handbook giving wiring diagrams, observing methods, etc. The 
results of John Ruiz’s work on the eclipsing variable u Herculis was printed in 
the Publications of the Astronomical Society of the Pacific, vol. 69, p. 261. 

One of the highlights of the Amherst meeting was the opportunity to examine 
at leisure the beautiful prints of the Palomar Sky Survey Atlas. Dr. Linnell had 
some choice ones on exhibit at the Observatory, and even allowed us to peer into 
the shelves piled high with the complete set of prints. 

The meeting ended on Sunday morning with a visit to Northampton at the 
invitation of Miss Seitter, to inspect the fine equipment of the Smith College 
Observatory. 


Observations received during September and October 1957: In September 57 
observers made 4,879 observations, and in October 50 contributed 4,308, a total of 


9,187 for the two months. 


Observer 


Adams, R. M. 


Sept. 


Var. Ests.|Var. Ests. 


Observer 


McPherson, C. A. 


Oct. 


Var. Ests.|Var. Ests. 


40 113) 88 20 31, ® 37 
Anderson, C.E. 194 295) 193 271 Miller, J. S. 5 5 
Beidler, H. B. 10 3610 9 9 || Montague, A. C. 48 65 46 77 
Bieda, S. W. : 4 28) Morgan, F. P. 8 17) 12 24 
Breckenridge, J. 6; 13 19 || Oravec, E. G. 216 529) 227 423 
Buckstaff, R.N. is 79 ; Panke, D. | 5 6 
Byrd, W. 8 20 Parker, P. O. 80 109 47° 60 
Carlisle, J. H. 2 6 3 5 || Paulton, E. M. 1 | : 
Chassapis, C. 144 278... Pearcy, R. E. 4 4 6 6 
Cragg, T. A. 119 122 352 373) Pearlmutter, A. E. 26 
Cunningham, R. l 3 Peltier, L. C. 27 #107; 26 181 
Darsenius, G. O. 9 46 8 20)! Pilcher, F. 5 5 610-10 
Debono, I. P. 7 3 4 7 || Price, F. J. 44 102) 24 4! 
DeGennaro, E. 2 2 «off Renner, C. J. 192 209 
Diedrich, DeL. 2 2 2 2 || Ricker, C. L. 4 7 
Diedrich, G. 3 9 6 11 || Rizzo, P. V. 15 20, 10 16 
Erpenstein, O. M. 11 23 635) Robinson, L. J. 40 124 9 59 
Fernald, C. F. 214 685) 263 682) Rosebrugh, D. W. 12 134; 14 1138 
Ford, C. B. 200 221, 118 122 | Schultz, G. W. I l 
Gemberling, R. H. 50 82 100! Segers, C. L. 21 61) 35 91 
Glenn, W. H. 8 8 | Seldon, P. 28 129 
Goldenblatt, P. P. 54. 67, 40 (50!) Sharpless, A. P. 
Goodsell, J. G. ; 3 3 || Socha, E. M. 2 6 2 4 
Hartmann, F. 130) 142 144 154. Solomon, L. 4 5 8 8 
Hein, G. J. 7 #615 3 6 Taboada, D. 4] 41 
Hiett, L. 26... Taulman, D. C. 57 68138 
Hutchings, N. 5 Tsai, C. H. 20 «48 
Kelly, F. J. 10 15° 10 Usakowski, C. 5} 
Knowles, J. H. 24 89... . || Venter, S. C. = 58 121 
de Kock, R. P. 128 467 138 Walko, K. 15 
Kofoed, R. 7 15 Weitzenhoffer, K. l l Ss 10 
Lacchini, G. B. 80 70) Welker, F. 1] 13) 11 14 
Lowder, W. M. 28 54 24 61. Wyckoff, J. 28 (59 
McGovern, R. 5 


‘ 
Oct. | Sep. | 
wail 
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A.A.V.S.0. Nova Search Report (from George Diedrich, Chairman): Observations 
of Nova Search Areas were made by the following sixteen members for a total of 
164 area-nights. Each name is followed by the number of observations for August 
and September 1957: James Breckinridge—0, 3; DeLorne Diedrich—2, 1; George 
Diedrich—12, 4; Robert Jacobson—17, 0; Robert McDowell—15, 0; Edward Oravec— 
1, 0; Francis Price--1, 0; Beaufort Ragland—6, 7; Jane Shelby—4, 8; Jerry Sherlin—34, 
0; Elizabeth Socha—24, 8; Samuel Terry—1, 2; Karl Wells—0, 4; James Wesling—6, 4. 
The observations of the following two observers came in too late for the last report. 
The number of area-nights indicated after each name is in both cases for July 1957: 
Stephen Bieda, Jr.—10; Victor Blanco—4. 


A.A.V.S.O. Spring Meeting 1958: Dr. Dorrit Hoffleit, Director of the Maria Mitchell 
Observatory, has invited the A.A.V.S.O. to meet at Nantucket, Massachusetts during 
the weekend of June 13 to 15, to help celebrate the Fiftieth Anniversary of the 
building of the Observatory. This will be a repeat visit of the association to Nantucket, 
because a spring meeting was held there also on the weekend of June 13 to 15, 
1930. We hope all our friends will be there to help us celebrate these anniversaries, 
and to enjoy Nantucket Island at its best, in the late spring. 
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NOTES FROM OBSERVATORIES 


Davip DuNLAP OBSERVATORY, RICHMOND HILL 


Observations of the sun are now being made with the radio telescopes 
which are operated under the direction of Dr. MacRae. An addition has 
been made to the two antenna systems previously reported _— and 
zig-zag array); this is a pair of parabolic cylinders, each 24 16 feet, 
separated by about 125 feet. They will be used in eimai with the 
horn antenna to form interferometers for studying the radio flux from 
the two brightest radio stars. 

Professor Charles Seeger of the University of Leiden visited the 
Observatory for three weeks in October, conferring with the radio 
astronomy group and conducting seminars. Other visitors to the Observa- 
tory during the autumn included Dr. J. J. Nassau of the Warner and 
Swasey Observatory and a number of the astronomers and other scientists 
who attended the Toronto assembly of the International Union of Geodesy 
and Geophysics. 

Dr. Oke and Dr. Searle attended a Symposium on Stellar Evolution 
and Abundances of the Elements at the U niversity of Michigan in July. 
During the autumn they have been conducting seminars on this topic 
at the University of Toronto in collaboration with members of the 
Geophysical Laboratory. 

Dr. MacRae attended the August meeting of the International Scientific 

Radio Union at Boulder, Colorado. Dr. Heard and Dr. Searle attended 
the meeting of the American Astronomical Society at the University of 
Illinois in August. Dr. Heard in September attended the dedication 
ceremonies of the new Nassau Observing Station of the Warner and 
Swasey Observatory near Cleveland. 

During 1957, visitors both from and to outer space have given the staff 
more than a fair share of excitement and distraction. The year’s second 
(and brighter) naked-eye comet, Mrkos, was photographed frequently 
during August and September by Mr. Bakos. The Russian satellites were 
observed both by radio interferometer and visually on a number of 
occasions, and members of the staff were able to acquire a good deal of 
experience in dealing with these new little experimental celestial bodies. 


Joun F. HEarRD 
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DoMINION OBSERVATORY, OTTAWA 


The I.U.G.G, Conference in Toronto was attended by a number of staft 
members, while others had an opportunity to meet the delegates who 
visited the D.O. following the sessions. An informal reception was held 
for them in the Library-Assembly hall and a cocktail party was given 
at the Soviet Embassy. 


Positional Astronomy: The normal work of this division consists of 
determining star positions, correct time and latitude variations and is 
centred on the Meridian Circle and P.Z.T. instruments. The Broken 
Cooke transit was restored for use during the 1.G.Y. A photo-cell timing 
device replaced the mechanical contact on the P.Z.T. . . . In September 
the Markowitz dual rate Moon Camera arrived and focus tests, with it 
attached to the 15-inch equatorial, have been completed. . . . The new 
mirror transit building, located immediately south of the Observatory, 
is rapidly approaching completion and many component parts of the 
telescope are on hand. 


Stellar Physics: The 1.G.Y. programmes are well under way. These include 
a photographic solar flare patrol and visual meteor observations at 
Ottawa. At Meanook in addition to the regular meteor programme, an 
auroral all-sky camera, spectrograph and recorder are in operation. Good 
spectra of a sporadic and Lyrid meteor have been obtained at Meanook 
with a dispersion of approximately 50 A./mm. in the blue region. 


Geomagnetism: The three-component airborne magnetometer was flown 
25,850 miles in a survey of Ontario, Quebec and Hudson Bay during 
June and July... . / A proton precession magnetometer and other magnetic 
instruments built by the Observatory were demonstrated to delegates at 
the 1.U.G.G. Assembly. a Magnetic survey operations on the ground 
were continued in Quebec and the Maritime provinces. Measurements 
of declination, inclination and force were made at 17 repeat stations, 
including one in Newfoundland. Values for declination and horizontal 
force only were also obtained at 124 points throughout the Maritimes, to 
serve as control points for mapping purposes, 


Gravity: As a contribution to the international programme of establishing 
a homogeneous system of gravity observations throughout the world, the 
D.O. has recently placed special emphasis on the strengthening of the 
gravimeter control network within Canada and in the improvement of 
gravity standards and ties between the national networks of the North 
American and European continents. Three different programmes have 
been completed recently. 1. Extension of the primary base network 


43 
throughout the Prairie Provinces. 2. The newly constructed bi-pendulum 
apparatus was employed to measure gravity at a number of sites along a 
north-south line of stations between Ottawa and Washington that has 
served for some years as a provisional standard to calibrate gravimeters 
used for regional surveys. These measurements also prov ide absolute 

values for the national gravity reference stations in Ottawa and Washing- 
ton. 3. A programme was carried out in co-operation with the Geophy sical 
Ghieans of Trieste, Italy. Using three gravimeters, an accurate trans- 
atlantic connection was successfully completed between Ottawa and 
Geneva, Switzerland. These measurements combined with the results of 
similar work previously carried out between Gander and Paris and 
between Rome and Washington provide an accurate comparison between 
the gravity standards employed in Europe and North America. 
Seismology: The seismograph station at Kirkland Lake, Ont., was dis- 
continued on July Ist of this year, while a new station was installed at 
Lillooet. B.C, during July. A new vault has been constructed at Resolute 
to house an enlarged group of seismographs including a 3-component 
set of long-period instruments for Columbia University. A short-period 
magnetometer will be operated for the California Institute of Technology. 
. A network of temporary seismograph stations was set up to record 
the underground atomic blast on September 19. No record was obtained at 
any stations; the blast was lighter than had been anticipated. 


Personnel; It is with deep regret that we record the death of Mr. Harry 
Cooper. a much beloved member of our administration staff. . Two 
members of the staff retired during the summer, Mr. W. S. ort 
who has been succeeded as head of Positional Astronomy by Mr. Malcolm 
M. Thomson; and Mr. H. E. Cook whose daughter Anne succeeds him at 
Meanhook Magnetic Observatory. Mr. McClenahan had 43 years’ service 
with the D.O. while Mr. Cook had 41. Both were tendered farewell 
parties to mark their retirement. Dennis Corness and Larry Hart have 
resigned to pursue further studies, while we welcome Jacques Labrecque 
to the division of Positional Astronomy. Dr. R. Pratap from the Bengal 
Engineering College and Dr. $. C. Das of Chandernagore College, are 
at the D.O. on post-doctorate fellowships. Miss 1. Lehmann, formerly 
seismologist at the Geodetic Institute at Copenhagen was on the staft of 
the Seismology division for July and August. Dr. J. H. Hodgson was 
elected Vice-President of the Association of Seismology and Physics of 
the Earth’s Interior, during the Toronto meetings of the 1.U.G.G. and 
Dr. P. L. Willmore acted as assistant secretary of the association. 


MrrraM S. BuRLAND 
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NOTES 


NIGHT VISION 

For every visual observer it is very important to have the eves as 
sensitive as possible to faint light. This is particularly important for a 
variable star observer who has to estimate the magnitudes of stars near 
the limit of visibility, especially if he, like me, prefers to observe 
U Geminorum and Z Camelopardi stars which are almost alwavs faint. 

It has been suggested that wearing red goggles thirty minutes before 
needing the eyes for night vision is satisfactory; that remaining in com- 
plete darkness for thirty minutes is even better. To remain in a dark room 
for half an hour every clear night is a nuisance, and one which no 
observer will do regularly. 

I tie a black bandage over my right eve half an hour before observing. 
Then I use only that eve for observing, and between every look in the 
eyepiece I tie the bandage over the eve again. Then it is possible to use 
a flashlight to make notes concerning the observation, to glance at the 
star charts for comparison stars, magnitudes, etc., without the light 
influencing the eye used for observing. Mv experience is that with great 
care it is possible to gain half a magnitude if the sky is not bright with 
moonlight. 

GuUNNAR DaARSENIUS 


THE SUNWARD SPIKE OF COMET AREND-ROLAND 

In the August 1957 issue of this JourNaL the spike-like tail of Comet 
Arend-Roland was mentioned as an unusual phenomenon which lacked 
an explanation. In its issue of June 15, 1957 the British magazine Nature 
published a letter from Dr. Fred Whipple of the Smithsonion Astro- 
physical Observatory giving a pleasantly simple explanation of this 
interesting occurrence. 

Soviet astronomers have published some very fine photographs of the 
comet and its spike, one of which is reprinted here. Other photographs 
can be seen in a recent issue of the Sky and Telescope magazine. The 
spike swung uniformly in position angle and had its maximum extension 
when it was pointing directly toward the sun. Whipple made the inter- 
esting observation that the time at which the spike pointed directly 
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toward the sun was also the time when the earth crossed the plane of 
the comet's orbit. 

Whipple writes that “No extraordinary physical theory appears neces- 
sary to account for the growth of the sunward tail by more than 10,000,000 
miles in a few days s and its similarly rapid decline. The sunward tail must 


almost certainly have resulted from the concentration of cometary debris 
over an area in the orbital plane. Seen at moderate angles to the plane, 
the material possessed too low a surface brightness to be easily observed, 
but seen edge-on it presented a concentrated line of considerable in- 
tensitv.” He goes on to suggest a simple physical mechanism which would 
result in the required distribution of the comet ary debris. 


LEONARD SEARLE 


Tue SuNn-Spot 

The International Geophysical Year, from July 1957 through December 
1958. was chosen to coincide with high solar activity. The minimum of 
the present sun-spot cycle occurred in April 1954, and the maximum, if the 
curve follows that of the av erage of the last ten cycles, could be expected 
to occur early in 1958. However, the present cycle appears to be approach- 
ing a maximum more rapidly than the average curve, and predicted 
dates of maximum, depending on the method used, have been given 
as January 1957 or July 1957. Actually it is not yet possible to determine 
the date of the maximum of the present cycle. It takes at least seven 
and a half months to arrive at such a date because of the internationally- 
used formula by which the maximum and minimum are computed. 

In spite of predictions that the maximum has passed, scientists at the 
National Bureau of Standards in Washington believe that the extremely 
high solar activity during this past June and July will continue, thus 
pushing the maximum into 1958 (Science News Letter, Aug. 17, 1957). 
Radio-telescope observations at the National Research Council, Ottawa, 
support the view that the maximum has not yet been reached. 
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A graph showing the present sun-spot cycle, compared with curves of 
the last cycle and the average of the last ten cycles, appears in the 
OssERVER’S HaNpBook for 1958. 

J]. NORTHCOTT 


ASTRONOMERS IN THE NEWs 

Gerard P. Kuiper, professor of astronomy at the University of Chicago, 
has been made chairman of the department of astronomy and director 
of the Yerkes and McDonald Observatories. (Readers of this JouRNAL 
will recall Dr. Kuiper’s authoritative article on “The Formation of the 
Planets” which appeared in vol. 50. ) 

Bengt G. Stromgren, Sewell L. Avery distinguished service professor 
of astronomy, has been chairman of the department of astronomy at the 
University of Chicago anid director of both observatories since 1951. He 
has now resigned to accept an appointment to the Institute of Advanced 
Study, Princeton, N.J. (Science, Sept. 13, 1957). 

D. R. Barber, formerly Assistant to the Director, has been appointed 
Superintendent of the Norman Lockyer Observatory at Sidmouth in 
Devonshire, England. He succeeds D. L. Edwards, who died September 
23, 1956. 

The Hill Observatory (as it was then called) was established by Sir 
Norman Lockyer in 1913 on his retirement from the Solar Physics Ob- 
servatory at South Kensington. The work of the observatory includes 
determining the temperatures of stars using stellar gradients, stellar 
spectroscopy and spectrophotometry of the night sky. 


J. NoRTHCOTT 


New PvuBLICATION OF THE RoYAL ASTRONOMICAL SOCIETY 

In recent years there has been a rapid increase of research work in 
geophysics. These developments cal! for a journal appearing at short and 
regular intervals. In order to meet this need the Royal Astronomical 
Society (London) will in March 1958 commence publication of a new 
journal to be known as The Geophysical Journal. It will contain original 
papers, short notes and letters, and articles on the progress of geophy sics, 
together with book reviews and reports of geophysical discussions. The 
Geophysical Supplement to the Monthly Notices of the Society will be 
incorporated in the new Journal; the last number of The Geophysical 
Supplement appeared towards the end of 1957. The Geophysical Journal 
will publish papers on the topics previously covered by The Geophysical 
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Supplement and also on related subjects such as, for instance, some 
aspects of work on the upper atmosphere. The first issue will contain 
papers from Australia, the U.S.A. and the U.S.S.R., as well as from Great 
Britain. It is hoped to maintain this international character. 

The new Journal is being edited by A. H. Cook and T. F. Gaskell, in 
collaboration with the Geophysical Secretary of the R.A.S. (R. A. Lyttle- 
ton). Subscriptions (£3. Os. Od. per volume of at least 4 parts; $9 in 
U.S.A.) and papers for publication should be sent to the Assistant Sec- 
retary of the R.A.S. Burlington House, London, W.1. 


R. H. GansTanc 
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NOW IN 
CANADA 


Here is the refractor 
selected by the Canadian 
and U.S. Armed Forces— 
and universities through- 
out the world. Now avail- 
able here in Canada at 
the lowest prices ever— 
with no extra duty or tax 
charges. Fully guaranteed 
and serviced by Canada’s 
largest specialists in op- 
tical instruments. 


2.4” ALTAZIMUTH —62 mm. coated objective lens, f.1. 900 mm. Four 
eyepieces 36 to (150 available at extra 
cost). Star diagonal, erecting prism system, sun- 
glass. 5x viewfinder telescope. Slow motion 
controls. Tripod, fitted cabinet $ 

3” ALTAZIMUTH —3” aperture objective, f.1. 1200 mm. Five eyepieces 
48x to 171x and 240 x available at extra 

cost). Large 8 viewfinder, all accessories as above. 
Complete $245. 
” EQUATORIAL optical eqpt. as altazimuth, but additional 200x 
eyepiece. Has oversize equatorial mounting, with 
setting circles and verniers for declination and right 
ascension. Sun projection apparatus included. 
Complete $375. 
4” ALTAZIMUTH —4” aperture, f.1. 1500 mm. Seven eyepieces 37X to 
250 (300 and 375x at extra cost). 10x view- 
finder, slow motion controls, all accessories. $450. 
” EQUATORIAL —as altazimuth. but super focusing mechanism to 
hold large 60 mm. eyepiece. Giant equatorial 
mounting and sun projection system. Tripod 


equipped with shelf and shelf light $685. 
4” PHOTO EQUATORIAL = —as above with 77x guide telescope $785. 
ROTARY EYEPIECE 
SELECTOR —holds six eyepieces, instantly interchangeable $25.00 
DOUBLE EYEPIECE —permits two observers simultaneously $22.50 
EYEPIECES —all coated, o.d. 24.5 mm. (Adapter for 14” 35¢ 
extra). 
f.l. 25 mm., 18 mm., 12.5 mm. $7.50 
fl. 9 mm., 7 mm., 6 mm. $9.00 
f.l. 5 mm., 4 mm. Orthoscopic, 40 mm. Kellner 
$15.00 
OBJECTIVE LENSES —air spaced coated achromats, in cell 
3in. $75. 4in. $145. Gin. $750. 
ASTRO-CAMERA —specify for 14” or 24.5 mm. eyepieces ..... $75. 


W. CARSEN & CO. LTD. 


Showroom and Service Lab - 88 Tycos Dr., TORONTO, Can. 
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